The allelic inheritance mode of microsatellite DNA markers was examined using seven copulated wild females and their offspring. Five microsatellite loci, CSPJ002*, CSPJ010*, CSPJ012*, CSPJ014*, and CSPJ015*, were used in the study. At almost all family/locus combinations, one sire was determined and distributions of genotypes in offspring were consistent with the Mendelian segregation ratio. Distributions of genotypes were consistent with the ratio after assuming a null allele at some loci. Consequently, the alleles of CSPJ002* and CSPJ012* were inherited following the Mendelian inheritance mode in every family; however, the null allele was expected in CSPJ010*, CSPJ014*, and CSPJ015* in some families. Thus, these loci should be used carefully in population genetic analysis, but siblings could be detected in the dendrograms based on unweighted pair-group method using arithmetic averages (UPMGA).
INTRODUCTION
For the past 30years, the kuruma prawn Penaeus japonicus has been cultured and reseeded, and has produced an annual catch of 4000-5000 tons around Japan. This species is one of the most important aquatic animals in Japan, and conservation of population genetic variance and investigation of genetic structure are necessary for sustainable management. 1 Population genetic study of the prawn has already been performed by using allozyme markers, but the prawn had a small number of polymorphic loci, and additional variable markers are needed. 2 Microsatellite DNA markers have been the focus of recent studies on population, ecologic, and conservation genetics. These markers are tandem repeats of very short nucleotides in nuclear DNA, which exhibit high variability due to length differences. 3 Therefore, they offer a source of detailed information for studies of closely related populations. 4 However, in estimating population genetic parameters, a potential complication arises from the presence of non-amplifying or null alleles. Null alleles can produce serious problems by creating an apparent excess of homozygotes, resulting in incorrect allele frequency estimates. Thus, it is necessary to confirm the allelic inheritance mode; that is, whether it corresponds to the Mendelian expectation, before using these markers in population genetic studies. 5, 6 Recently, these markers have been employed for refined estimates of genetic relatedness between individuals of wild populations in many organisms. [7] [8] [9] Subsequently, the population genetic structure 10, 11 or level of genetic variation was examined with pedigree and kinship structure analysis. 12 However, in some cases, related and unrelated individuals are not always differentiated in genetic data. 9, 13 Thus, it is important to confirm the feasibility of the markers for kinship detection.
Microsatellite 
Microsatellite analysis
In the present study, we adopted the chemiluminescence method 16 for detection because of its ease. Five of 12 sets of microsatellite DNA primers (Table 1) , which have been developed by Moore and colleagues using the radio immunoassay method, 14 were effective in this method. The loci were CSPJ002*, CSPJ010*, CSPJ012*, CSPJ014*, and CSPJ015*. Nomenclature of loci followed that of Moore et al. 14 In every set of primers, the 5¢ end of the reverse primer was labeled with biotin. Polymerase chain reaction (PCR) cycles were as follows: 7 cycles of 1 min at 94∞C, 30 s at 50/53∞C, 30 s at 72∞C; and 33 cycles of 30 s at 90∞C, 30 s at 50/53∞C, 30 s at 72∞C; and terminated with stop dye. 17 The PCR products were electrophoresed on 6% polyacrylamide gel after denaturation at 95∞C. Amplified DNA was transferred to nylon membrane by blotting. After the membrane had dried, the DNA was cross-linked with ultraviolet light and detected with a Phototope TM Star Detection Kit (New England Biolabs, Beverly, MA, USA). The size marker was a sequence ladder obtained from the double-stranded pUC19 plasmid, which was prepared using the CircumVent Phototope TM Kit (New England Biolabs).
Confirmation of allelic inheritance mode
Because females had already copulated and the number of sires was unknown, we confirmed the mode between dams and offspring by performing a paternal analysis. The sire's genotype was presumed under the assumption of the Mendelian inheritance. From the genotypes, the number of sires was determined at each locus for every family. The Mendelian segregation ratio was then assessed at each locus for every family.
et al.
14 Confirmation of the allelic inheritance mode and the feasibility for detecting kinship have not yet been reported for these markers in the prawn. Hence, we investigated the inheritance mode and estimated genetic relatedness among siblings in wild prawns.
MATERIALS AND METHODS

Prawn families
Seven females with thelycums, which indicated that they had already copulated, were caught offshore of Oita prefecture at Kyusyu Island in Japan. Females spawned separately, and the eggs of each female were transferred to 1 ton tanks, respectively. The offspring were raised according to standard procedures. They were fed diatoms and dry powdered feed at the zoeal stage, dry powdered feed and artemia (Artemia sp.) at the mysis stage, and artemia and dry pelleted feed at the postlarval stage. Until the postlarval stage, approximately 100 L of seawater was added daily to maintain better water quality in each tank. At the postlarval stage, offspring were reared in running water. Samples were collected at the seventh to the sixteenth postlarval stage from the seven tanks.
DNA extraction
DNA of the females and their offspring were extracted from pleopods and whole bodies, respectively. Extraction of DNA followed the methods of Takagi and coworkers. 15 Twenty-four or 36 offspring were examined in each family. 
Kinship analysis
Genetic distances among individuals were estimated from the inverse of the genetic identity (I). 18 The calculation was performed by using data analysis software (Microsoft Excel TM ). The feasibility for detecting kinship was examined by comparing the average value of the distances within a sibling with that between siblings, and by a dendrogram based on the unweighted pairgroup method using arithmetic averages (UPMGA) which was itself based on the distances among i ndividuals.
RESULTS
One or two alleles were detected in each sample. Allele size ranged from 130 base pairs (bp) to 198 bp at CSPJ002*, 83-110 bp at CSPJ010*, 94-199 bp at CSPJ012*, 143-158 bp at CSPJ014*, and 115-127 bp at CSPJ015*. The nomenclature of alleles at each locus was determined according to allele size. Figure 1 shows the procedure of the paternal analysis. Alleles observed in offspring but not in the dam were considered to have been inherited from the sire. This analysis was performed at every locus for each family. One genotype was determined for sire in most of the analyses through all families (Table 2 ). Thus, we assumed pair-mating in the following analysis of each family. Distributions of genotypes in offspring corresponded to the Mendelian segregation ratio calculated under the assumption of pair-mating, except for CSPJ010* in family #5, CSPJ015* in families #1 and #3, and CSPJ002* in family #7.
However, genotypes of sires were not able to be determined at CSPJ010* in family #2, CSPJ014* in families #1, #4, and #7, or CSPJ015* in family #5. There were unexpected homozygotes at these loci. In population genetic analysis based on microsatellite DNA, the possibility of nonamplified or null alleles has been suggested in many species; 5,6,13 hence, we assumed null alleles in those loci. We examined the propriety of this assumption.
For example, in family #1 at CSPJ014*, genotypes of offspring were 152/152, 152/149, and 149/149, and that of the dam was 152/152. Offspring genotyped 149/149 appeared to have inherited no allele from the dam. Hence, it was assumed that the dam had a null allele and, therefore, its genotype was to be 152/null. Consequently, offspring were genotyped 152/152, 152/149, 152/null, and 149/null. The distribution of these genotypes corresponded to the Mendelian segregation ratio, and the genotype 152/149 was presumed to have been inherited from the sire. This analysis was performed in the remaining loci. The ratios agreed, and one genotype was presumed to have been inherited from the sire at every loci.
The genetic distances were calculated from multilocus genotype. Null allele heterozygotes were regarded as homozygote in the calculation. Table 3 shows the average value and standard deviation of the distance within and between siblings. The distributions of the distances ranged from 0.275 to 0.426 within siblings and from 0.563 to 0.912 between siblings. The average values within a sibling were lower than those between siblings. Figure 2 shows the genetic relatedness among individual offspring. On the UPGMA-based dendrogram, each sibling was clearly distinct. between the present study and that of Moore et al. 14 was partially different at CSPJ002* and CSPJ012*, and completely different at CSPJ010*. Expected heterozygosities, as reported by Moore et al., 14 were relatively low at CSPJ014*(0.64) and
DISCUSSION
Distribution of allele sizes detected in the present study corresponded with that of Moore et al. at CSPJ014* and CSPJ015*. 14 Distribution of allele sizes This shows the possibility that there are more alleles at the latter three loci than has been detected by Moore et al., 14 and the differences might reflect random error in sampling alleles.
With the exception of CSPJ010*, however, the size differences among alleles within each locus did not always correspond to their repeat type as reported by Moore et al. 14 It has been reported that the repetitive region could be interrupted by one or more additional or substituted nucleotides, which introduce another level of polymorphism. 19 From this, the accumulation of such interruptions might be assumed for the loci. In addition, a relatively large allele (199 bp) was detected in CSPJ012*. This might possibly be explained by the capacity to expand to very large repeat counts in tri-nucleotide repeats. 20, 21 Nevertheless, detailed analyses of mutation mechanisms for the loci is necessary to explain the size differences among alleles.
Basically,fiveloci corresponded to the Mendelian inheritance. All offspring shared one allele with their dam for all families in CSPJ002* and CSPJ012*. This was also observed at CSPJ010*, CSPJ014*, and CSPJ015* for some of the seven families. Their segregation ratios were primary, corresponding to the Mendelian segregation ratio under the assumption of pair-mating, and demonstrates the feasibility of these loci for population genetic studies.
However, discrepancies from the Mendelian segregation ratio were detected in some families/ loci. While these discrepancies might be a result of sampling error, as all of the expected genotypes were observed in them and the discrepancies were only due to their frequencies, this might possibly due to the unstable inheritance and mutant patterns in a trinucleotide microsatellite. 20, 21 It has been suggested that larger normal alleles are transmitted preferentially to smaller alleles in heterozygotes of trinucleotide microsatellites.
20 CSPJ015*, which is a trinucleotide microsatellite, showed an excess of heterozygotes, including greater allele discrepancies in families #1 and #3. Another possible explanation might also be that there is a meiotic drive or linkage to a dominant lethal locus. Regardless, further analysis is necessary to explain these discrepancies.
In microsatellite DNA analysis, the existence of null alleles has been reported in many species. 5, 6, 13 In the present study, null alleles were also assumed at CSPJ010* in family #2, at CSPJ014* in families #1, #4, and #7, and at CSPJ015* in family #5 because of the presence of unexpected homozygotes. The inheritance mode in these families/loci corresponded to Mendelian behavior under the assumption that null alleles exist. The distributions ofgenotypes, including null alleles, were consistent with the Mendelian segregation ratio, and pairmating was also in agreement in each family/ locus. Although the influence of the null allele in estimating population genetic parameters could not be inferred in the present study because only seven families were assessed, using these loci for population genetic analysis should be undertaken with care. The priming site variation has been suggested as a cause of the null alleles. 6, [22] [23] [24] Thus, designing a new primer in the site that is external/internal to the original primer might be effective for the three loci. A failure to detect large alleles is also supposed. While this may mainly occur artificially, trinucleotide expansion 20,21 might also possibly be adopted by the three loci. As there is no more information about the molecular basis of the loci, it is necessary to conduct further analysis to clarify the cause of the null alleles indicated in the present study.
The inheritance modes of the seven families have been explained under the assumption of pairmating. Hudinaga has reported on the copulation of the prawn by observing them in a concrete tank. 25 He observed that the male pursues the female for some time prior to copulation, and this pursuit always occurs between one male and one female. Notably, the female forms a stopper at the thelycum after copulation. From these observations, it is supposed that the wild kuruma prawn may also perform pair-mating.
The genetic relatedness within and between siblings was examined from the average values of the genetic distances among individuals. The observed values ranged from 0.275 to 0.426 within a sibling and from 0.563 to 0.912 between siblings. The distances within a sibling were smaller than those between siblings. In addition, each sibling was clearly separated as determined using a UPGMAbased dendrogram based on distance. Despite the existence of null alleles, these results might demonstrate the feasibility of the five loci for estimating genetic relatedness among individuals in prawn populations of unknown pedigree, and for detecting kinship. Under the pair-mating assumption, the average value of the distances within a sibling is expected to be from 0 to 0.667. The average values of the distances between the siblings of families #1 and #6 (0.563), #2 and #5 (0.655), and #2 and #6 (0.640) were smaller than the maximum of the expected value (0.667), and these siblings were closely related in the dendrogram. Although these values may be somewhat distorted by the existence of null alleles, it should show the limit of the markers. The relationship between the number of loci and the detectable number of families is likely to be revealed by further studies.
